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Abstract 

Containing more than a hundred species, the Chrysis ignita species group is the largest and one of the most taxonomically 
challenging groups in its genus. It has not been possible to resolve the taxonomy of the group using traditional methods 
due to the lack of robust diagnostic morphological characters. Here we present the results of a molecular analysis designed 
to delimit species in the Chrysis ignita group for the first time; using mitochondrial sequence data for 364 in-group spec¬ 
imens consisting of all 18 species known to occur in Northern Europe. Two mitochondrial loci were analysed: a COI gene 
fragment, and a continuous DNA sequence consisting of 16S rRNA, tRNA Val , 12S rRNA and ND4. Two approaches were 
employed for delimiting species: (1) genetic distance analysis based on the standard COI barcode sequences and; (2) phy¬ 
logenetic analysis of the COI fragment together with rRNA genes. Both analyses yielded trees with similar topology, but 
support values for nodes were higher using the second approach. Fifteen species were distinguished in all analyses: Chr¬ 
ysis angustula Schenck, 1856, C. brevitarsis Thomson, 1870, C. clarinicollis Linsenmaier, 1951, C. corusca Valkeila, 
1971, C. fulgida Linnaeus, 1761, C. ignita (Linnaeus, 1758), C. impressa Schenck, 1856, C. iris Christ, 1791, C. lepto- 
mandibularis Niehuis, 2000, C. longula Abeille de Perrin, 1879, C. ruddii Shuckard, 1837, C. schencki Linsenmaier, 1968, 
C. subcoriacea Linsenmaier, 1959, C. terminata Dahlbom, 1854 and C. vanlithi Linsemnaier, 1959. The specific status of 
C. mediata Linsenmaier, 1951 and C. solida Haupt, 1957 was not resolved. Included unidentified specimens grouped in 
three clusters, two of which are distinctly delimited and apparently represent cryptic species. The specific status of the 
unidentified samples in the third cluster remained unclear. Moreover, our data suggest the existence of additional cryptic 
species currently lumped under the names C. pseudobrevitarsis Linsemnaier, 1951 and C. schencki Linsenmaier, 1968. In 
conclusion, our results derived from analysis of mitochondrial loci strongly support the specific status of the majority of 
currently recognised species in the Chrysis ignita species group, and suggest the existence of additional cryptic species in 
Northern Europe. Thus, considering the difficulties that often arise during species determination based on morphological 
characters, the mtDN A loci used here appear highly suitable for assisting species delimitation in this group as well as iden¬ 
tification of specimens. 
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Introduction 


Commonly known as cuckoo wasps, the Hymenoptera family Chrysididae is a medium sized cosmopolitan group 
including more than 3000 described species. All members of the family are parasitoids or cleptoparasites, whose 
hosts belong to various families of Hymenoptera, Phasmatodea or Lepidoptera. The largest genus in the family, 
Chrysis Linnaeus, 1761, is diverse and cosmopolitan, and contains several taxonomically unresolved species 
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groups. The most recent review and key to species groups within Chrysis was published by Kimsey & Bohart 
(1991) in their systematic treatise of the world’s cuckoo wasps. Containing more than a hundred known species, the 
Chrysis ignita species group is the most species-rich and taxonomically challenging group in the genus. This group 
is widespread, it is absent only from Australasia but is most diverse in the Palaearctic region (Kimsey & Bohart 
1991). No overall treatment of the C. ignita group exists though there are some regional works with keys to species 
in the group (Tsuneki 1957; Linsenmaier 1959a, 1994, 1997; Bohart & Kimsey 1982; Morgan 1984; Kunz 1994; 
Tarbinsky 2000; Rosa 2006; Smissen 2010) Northern European species of the Chrysis ignita species-group have 
not been revised separately, but have been included in several treatments of European fauna (Linsenmaier 1959a, 
1997; Morgan 1984; Kunz 1994; Rosa 2006; Smissen 2010). 

Shuckard (1836) made the earliest attempt to split what was up to then known as Chrysis ignita (L.) into 
separate taxa. Based mainly on colour, sculpturing and the shape of the abdominal terminal teeth, he described and 
illustrated six varieties of C. ignita : var. alcione Shuckard, 1836, var. asterope Shuckard, 1836, var. celeno 
Shuckard, 1836, var. electra Shuckard, 1836, var. maja Shuckard, 1836 and var. taygeta Shuckard, 1836 and one 
new species C. ruddii Shuckard, 1836. Despite the limited descriptions and the lack of existing type specimens, 
Shuckard’s study is noteworthy since it is clear that he genuinely observed different species, and one of his taxa, C. 
ruddii, is still treated as a valid species. 

Shuckard was followed by Dahlbom (1845, 1854), who named four new European species belonging to the 
group: C. obsoleta Dahlbom, 1845, C. curvidens Dahlbom, 1854, C. terminata Dahlbom, 1854 and C. soluta 
Dahlbom, 1854. None of these names were retained and in general it appears likely that Dahlbom was relying on 
exceptional aberrant specimens. Since Dahlbom’s types have not been studied thoroughly, the names have been 
treated as synonyms of C. ignita (Kimsey & Bohart 1991). However, C. terminata should be reinstated as a valid 
species, as the holotype was found to be conspecific with C. ignita Form A sensu Linsenmaier (1959a) (Paukkunen 
et al. in prep.). 

Two years later Schenck (1856) published his interpretation of the group, wherein he described five new 
species: C. angustula Schenck, 1856, C. impressa Schenck, 1856, C. gracilis Schenck, 1856, C. brevidentata 
Schenck. 1856 and C. vitripennis Schenck, 1856. Two of these (C. angustula and C. impressa) are currently treated 
as valid species, although in a later publication Schenck (1861) himself relegated all of his new taxa to merely 
variations of C. ignita. 

In the following years specialists described several new taxa, but treated most existing names simply as 
varieties of C. ignita (Abeille de Perrein 1879; Mocsary 1889; du Buysson 1891; Bischoff 1913; Trautmann 1927). 

The most important contribution to knowledge of Northern European species in the C. ignita species group 
was provided in a series of publications by Walter Linsenmaier (1951, 1959a, 1959b, 1968, 1987, 1997). He 
published descriptions of numerous new species and subspecies with a key to the European species. Unfortunately, 
his work did not include a critical review of all previous descriptions and types, and his descriptions can be difficult 
to interpret. This resulted in misinterpretations of several species and raised doubts about the specific status of 
many of the taxa that Linsenmaier separated (Kimsey & Bohart 1991; Kunz 1994; Mingo 1994). Since the middle 
of the 20th century only four authors besides Linsenmaier contributed to the taxonomy of the European species of 
the C. ignita species group by adding new descriptions or taxonomical notes (Moczar 1965; Valkeila 1971; Morgan 
1984; Niehuis 2000). 

Due to similarities in adult morphology, it is difficult to distinguish species and subspecies in the C. ignita 
species group. Therefore, newly described species and subspecies often remain unrecognised and their status 
questioned by other specialists. Bischoff (1934) discussed this problem and explained the situation with a 
hypothesis of freely crossbreeding ecological races, with each specialised to different host species. 

Nearly all attempts to resolve the taxonomy of the C. ignita species group have relied on the personal opinions 
of experienced authors regarding the limits of within-taxon variability in morphological characters. To test if 
previously described taxa are distinct from each other Kunz (1994) reviewed species in the C. ignita group in a 
more comprehensive manner by including data on the morphology of internal segments and conducting a 
morphometric analysis. As his results did not support the distinctness of most included taxa, Kunz dropped these 
into synonymy. These results are accepted by some authors (Tscharntke et al. 1998; Gathmann & Tscharntke 1999; 
Kruess & Tscharntke 2002; Holzschuh et al. 2009), but not by others (Linsenmaier 1997; Niehuis 2001; Rosa 
2006; Smissen 2010), though his results have not been falsified with independent analysis. Rather than relying on 
specialist opinion, which can be conflicting, independent analysis is required to rigorously assess the validity of 
these species. 
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Molecular characters have frequently been used to resolve taxonomic questions in insects, but have never been 
used to delimit species of cuckoo wasps. Most studies using molecular markers incorporating cuckoo wasps have 
focused on resolving the higher level phylogenies of other insect taxa, with cuckoo wasps often used merely as an 
outgroup. Such studies have included phylogenetic reconstructions of the entire Hymenoptera (Carpenter & 
Wheeler 1999), suborder Apocrita (Dowton & Austin 2001; Pilgrim et al. 2008), superfamily Apoidea (Ohl & 
Bleidorn 2006) and family Bethylidae (Carr et al. 2010). Molecular methods have been used to directly study 
Chrysididae in a few instances (Niehuis & Wagele 2004; Niehuis & Korb 2010; Soon & Saarma 2011) but none of 
these have attempted to delimit species. While the study by Soon & Saarma (2011) that dealt with the phylogeny of 
the C. ignita species group suggested some taxonomical changes, it did not assess the distinctness or species rank 
of each included species. As only single specimens of each species or subspecies were included in that study, it was 
only possible to suggest elevation of subspecies to species rank in cases where different subspecies of the same 
species did not form monophyletic group. However, without additional samples for every taxon it was impossible 
to estimate their taxonomic validity. 

In order to evaluate Kunz’s results with an independent analysis and stabilize the taxonomy of the C. ignita 
group, we attempt to test the distinctness of Northern European species in the C. ignita species group using mtDNA 
sequences. Since the morphology of the species in this group has been thoroughly discussed in numerous 
publications including Smissen’s (2010) comprehensive descriptions with identification keys, and Kunz’s (1994) 
phenetic analysis based on morphological characters we do not focus on morphological characters in this paper. 
Instead, we use molecular characters to delimit species in the C. ignita group of the Northern European fauna, 
including the species recorded in Fennoscandia, the Baltic States, NW Russia, Denmark and the British Isles. 

Since we assess the validity of an existing system we analyze specimens pre-identified according to 
morphological characters. We then examine whether intraspecific genetic divergence remains within the 2% 
threshold value that has been suggested for congeneric species in most invertebrate taxa (Hebert et al. 2003) i.e. the 
genetic species concept as well as whether samples of each species form monophyletic apical clades within the 
phylogenetic tree, i.e. the phylogenetic species concept. Although these approaches may not give results in precise 
accordance with the biological species concept, they are practical and reliable methods for delimiting species. The 
applied approaches are especially useful in groups that are difficult to distinguish using morphological characters 
and may thus include unrecognised cryptic species. 


Material and methods 

Specimen identification. Specimens representing each taxon were carefully selected to ensure that they were truly 
representative. In addition to utilization of the published identification keys (Linsenmaier 1959a, 1997; Morgan 
1984; Smissen 2010) type materials of most included species were studied by the first author in order to maintain 
nomenclatural stability. 

List of analysed species complemented with studied type materials 

Chrysis angiistula Schenck, 1856 

= Chrysis ignita sparsepunctata Zimmermann 1944, 1 ' Maria Luggau, Karnten, Austria, lectotype (design. 
Niehuis 2000); Naturhistorisches Museum Wien, Wien, Austria (NMW). 

Chrysis brevitarsis Thomson, 1870 

Chrysis clarinicollis Linsemnaier, 1951 

Chrysis ignita var. clarinicollis Linsenmaier 1951, 1 ^ Martigny, Wallis, Switzerland (6.IX. 1937, leg. R. 
Matthey), lectotype (design. Linsenmaier 1959a); Natur-Museum Luzern, Luzern, Switzerland (NMLS). 

Chrysis corusca Valkeila, 1971 

Chrysis corusca Valkeila 1971, 1 $ Asbro, Lerback, Sweden (1968, leg. G. Hallin), holotype; Naturhistoriska 
riksmuseet, Stockholm, Sweden (NRM). 
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Chrysis fulgida Linnaeus, 1761 

= Chrysis fulgida var. concolor Mocsary 1912, 1 f Raddefka, Sibiria orientalis, Russia, lectotype (design. 
Bohart in Bohart & French 1986); Flungarian Natural History Museum, Budapest, Hungary (HNHM). 

= Chrysis fulgida var. aurolimbata Moczar 1946, 1 f Felegyhaza, Hungary (leg. L. Moczar), lectotype 
(design. Moczar 1965); Hungarian Natural History Museum. Budapest, Hungary (HNHM). 

Chrysis ignita (Linnaeus, 1758) 

Chrysis impressa Schenck, 1856 

= Chrysis aurifera Linsenmaier 1951, $ Switzerland, syntypes; Natur-Museum Luzern, Luzern, Switzerland 

(NMLS). 

Chrysis iris Christ, 1791 

Chrysis leptomandibidaris Niehuis, 2000 

Chrysis leptomandibularis Niehuis 2000, 1 2 Wallis, Switzerland (2.VII.1951, leg. W. Linsenmaier), 
patratype; Natur-Museum Luzern, Luzern, Switzerland (NMLS). 

Chrysis longula Abeille de Perrin, 1879 

Chrysis ignita var. longula Abeille de Perrin 1879, 1 $ Frankfurt, Germany, lectotype (design. Morgan 1984); 
Museum National d'Histoire Naturelle, Paris, France (MNFIN). 

= Chrysis longula sublongula Linsenmaier 1951, 1 y Champex, Wallis, Switzerland (10.VI. 1950), lectotype 
(design. Linsenmaier 1959a); Natur-Museum Luzern, Luzern, Switzerland (NMLS). 

= Chrysis longula aeneopaca Linsenmaier 1959a, 1 $ Transcaspia, Russia, holotype; Natur-Museum Luzern, 
Luzern, Switzerland (NMLS). 

Chrysis mediata Linsenmaier, 1951 

Chrysis mediata Linsenmaier 1951, 1 2 Wallis, Switzerland (12.VI.1948, leg. W. Linsenmaier), lectotype 
(design. Linsenmaier 1959a); Natur-Museum Luzern, Luzern, Switzerland (NMLS). 

Chrysis pseudobrevitarsis Linsenmaier, 1951 

C. pseudobrevitarsis Linsenmaier 1951, 1 2 Wallis, Switzerland (13.VI.1950, leg. W. Linsenmaier), lectotype 
(design. Linsenmaier 1959a); Natur-Museum Luzern, Luzern, Switzerland (NMLS). 

Chrysis ruddii Shuckard, 1837 

= Tetrachrysis ruddii var. viridis Trautmann 1926 [= C. viroris Bohart in Kimsey & Bohart 1991 repl. name], 1 
$ Germany, lectotype (design. Bohart in Kimsey & Bohart 1991); Museum fur Naturkunde der Humboldt- 
Universitat, Berlin, Germany (ZMHB). 

Chrysis schencki Linsenmaier, 1968 

= Chrysis schenckiana Linsenmaier 1959a [= C. schencki Linsenmaier 1968 repl. name], 1 $ Klosters, 
Kraubtinden, Switzerland (8.VIII.1946, leg. W. Linsenmaier), holotype; Natur-Museum Luzern, Luzern, 
Switzerland (NMLS). 

Chrysis solida Haupt, 1957 

= Chrysis mediata fenniensis Linsenmaier 1959a, 1 2 Hattula, Finland, holotype; Natur-Museum Luzern, 
Luzern, Switzerland (NMLS). 

= Chrysis scintillans Valkeila 1971, 1 $ Vanaja, Finland (23.VII. 1962, leg. E. Valkeila), holotype; Finnish 
Museum of Natural History, Helsinki, Finland (MZH). 

Chrysis subcoriacea Linsenmaier, 1959 

Chrysis subcoriacea Linsenmaier 1959a, 1 $ Kyrkslatt, Finland, holotype; Natur-Museum Luzern, Luzern, 
Switzerland (NMLS). 
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Chrysis vanlithi Linsenmaier, 1959 

Chrysis rutiliventris vanlithi Linsenmaier 1959a, 1 ' Wallis, Switzerland, holotype; Natur-Museum Luzern, 
Luzern, Switzerland (NMLS). 

Chrysis terminata Dahlbom, 1854 

Chrysis terminata Dahlbom 1854, 1 S Austria, holotype; Naturhistorisches Museum Wien. Wien, Austria 
(NMW). 

Taxon sampling for genetic analysis. All known species of the C. ignita species group from Fennoscandia 
and the Baltic states (Paukkunen et al. in prep.) were sampled. In addition, we included numerous Northern 
European samples which we could not identify reliably using morphological characters. Samples for standard COI 
barcoding were gathered from all Fennoscandian and Baltic countries except Latvia with the aim of sampling all 
species evenly from the study area (Table 1). Additional samples from neighbouring countries as well as the rest of 
Europe were included for better evaluation of intraspecific variability. We also used closely related (div. < 2%) 
publicly available barcodes, of which more than 90% of the standard barcode sequence (568 bp) was available. We 
did not rely on the specimen identifications of published barcode sequences unless we were able to study the 
specimen's morphology or they were identifiable on the photos available at the Barcode of Life Data System 
website (Ratnasingham & Flebert 2007). In total we analysed 364 standard COI barcode sequences. 

As the analysis software used in this study, Bali-Phy, is computationally exhaustive, only a limited number of 
samples from each firmly known taxon were included into phylogenetic analysis with additional mitochondrial 
DNA sequence data (16S rRNA, tRNA Val , 12S rRNA, ND4). We also included three unidentified samples with 
relatively small interspecific COI barcode genetic distances in order to evaluate their distinctness from closely 
related species. Unidentified specimens that formed distinct clusters in barcoding (referred to as Chrysis sp. 1 and 
C. sp. 2 in this paper) as well as C. clarinicollis and C. vanlithi were not included in the phylogenetic analysis 
mainly in order to limit the size of data-matrix but also due to the limited number of available fresh samples from 
the study area. We selected at most four specimens per species, preferably from distant parts of the species 
distribution area. Only C. brevitarsis was represented by a single specimen since we could not find more fresh 
specimens of this rare species. Nevertheless, the specific status of this species has never been under question. We 
based outgroup selection on the study by Soon & Saarma (2011), selecting one distantly related species (C. 
indigotea Dufour & Perris, 1840) from the same species group and one representative of another closely related 
species group, namely C. graelsii Guerin-Meneville, 1842 from the C. graelsii species group. Both air-dried 
specimens from collections and fresh material collected and stored in 96% ethanol were used to extract genomic 
DNA. In addition to 35 newly sequenced specimens, 16 previously published (Soon & Saarma 2011) sequences 
from Northern European species were included in this analysis. Altogether, 51 specimens from 12 European 
countries were included in this analysis; these belonged to 16 ingroup species (plus three additional specimens of 
unknown identity) and two outgroup species. Since females in the Chrysis ignita species group are 
morphologically more conservative (i.e., easier to identify), we selected female specimens whenever possible. 

DNA sequencing. All rRNA sequences were obtained using the methods given below; standard COI barcodes 
were obtained either with the same methods or with high throughput methods at the Canadian Centre for DNA 
Barcoding (Ivanova et al. 2006; deWaard et al. 2008). 

The High Pure PCR Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany) was used to 
extract and purify genomic DNA from thoracic muscle tissue. The manufacturer’s instructions were followed with 
the exception that the first incubation step was extended to 2 hours if the sample was not fully dissolved during the 
prescribed 1 hour period. 

PCR conditions and primers to amplify 12S and 16S rRNA genes, tRNA Val and a small fragment of the ND4 
gene of mtDNA were exactly as described in Soon & Saarma (2011); primers used for amplification of a fragment 
of COI are given in Table 2. After PCR the solution was treated with shrimp alkaline phosphatase and exonuclease 
I (USB, Cleveland, USA). One unit of both enzymes was added to 10 pi of the PCR solution and incubated for 30 
min at 37°C, followed by inactivation at 80°C for 15 min. DNA cycle sequencing was performed using a 
DYEnamic ET Terminator Cycle Sequencing Kit (Amersham Biosciences, Uppsala, Sweden) or Big Dye 
Terminator v.3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, USA). Depending on the kit used, 33 
cycles (15 s at 95°C, 15 s at 45°C and 60 s at 60°C) (DYEnamic ET) or denaturation for one min at 96°C followed 
by 25 cycles (10 s at 95°C, 15 s at 47°C and 1-2 min at 60°C) (Big Dye) were performed in a total volume of 10 pi. 


TESTING THE VALIDITY IN THE CHRYSIS IGNITA SPECIES GROUP 


Zootaxa 3786 (3) © 2014 Magnolia Press ■ 305 



Both DNA strands were sequenced with 5 pmol (DYEnamic ET kit) or 1.6 pmol (Big Dye kit) of primers. 
Sequences were resolved using either an ABI PRISM 377 automated sequencer or 3730x1 DNA Analyzer (Applied 
Biosystems). 

Sequence verification and identification. Sequence data from both DNA strands was used to generate 
consensus sequences with Consed (Gordon et al. 1998). Sequences were double-checked by eye and edited, if 
necessary, with BioEdit (Hall 1999). All tRNA genes were identified with tRNA-Scan SE version 1.21 (Schattner 
et al. 2005) and the ND4 gene with a nucleotide Blast search (Geer et al. 2010). 

Sequence alignment. COI sequences were aligned manually, while the computer program Bali-Phy 2.0.2 
(Suchard & Redelings 2006) was used for difficult-to-align rRNA genes. An initial run of 3000 iterations, starting 
from unaligned sequences, the default settings and the GTR + INV + G sequence evolution model, was performed 
to determine well aligned regions in the rRNA sequences. After examination of log-likelihood scores using Tracer 
1.4 (Drummond & Rambaut 2007), the first 500 iterations were discarded as “burn in” to ensure that a stationary 
distribution was sampled. 

Analysis of genetic divergence. A neighbour-joining (NJ) Kimura-2-Parameter (K2P) (Kimura 1980) tree for 
all COI barcode haplotypes was constructed and bootstrapped with 1000 pseudoreplicates using PAUP* (v. 4.0b 10, 
Swofford 2003). This analysis included all 177 different haplotypes, while incomplete sequences matching with 
any of the longer haplotypes were considered as belonging to this haplotype and thus not included in analysis. 
Although the tree-based analysis of COI barcodes has been shown to be misleading (e.g. Meier et al. 2006; Zhang 
et al. 2012), we employed it in order to reveal affiliation of numerous unidentified specimens (possibly 
unrecognized cryptic species). We employed the K2P corrected distances (calculated using TaxonDNA; Meier et 
al. 2006) in our study for estimating genetic divergences because this metric has been standard in barcoding 
studies. 

Phylogeny estimation. In order to study the relationships between known species and the distinctness of the 
most closely related species in depth, phylogenetic analysis including additional mitochondrial data was designed. 
Two approaches were employed to infer the phylogeny using COI and rRNA nucleotides in the same data-matrix: 
1) a conservative limited dataset including the full COI sequence but only those positions of rRNA genes aligned 
with posterior probability over 0.95 according to the results of Bali-Phy (highly-supported alignment, 2187 bp). 2) 
The full dataset, using the maximum a posteriori (MAP) alignment of rRNA genes gained from the initial run with 
Bali-Phy together with COI (2899 bp). 

Phylogenetic analysis of both datasets was performed using PAUP* for maximum-parsimony (MP), PhyML 
3.0 (Guindon & Gascuel 2003) for maximum-likelihood (ML) and MrBayes 3.1.2 (Huelsenbeck et al. 2001) for 
Bayesian analysis. 

Maximum-parsimony analysis was executed with a heuristic search with 100 random sequence stepwise 
additions, holding 10 trees at each step and using tree bisection and reconnection (TBR) branch swapping. Node 
support was estimated using the same methods as for the heuristic search with 10 000 bootstrap pseudoreplicates. 

The best fit model of DNA sequence evolution for ML analyses was determined using jModeltest vO.1.1 
(Posada 2008). On the basis of the Akaike Information Criterion (AIC) the best model was either TIM3 + I + G 
(limited dataset) or TIM1 + G (complete dataset). Since neither of these models is implemented in the phylogenetic 
software we used, we selected the second best models for reconstructing phylogenies: GTR + I + G (limited 
dataset) and GTR + G (full alignment). Node support in ML analyses was assessed using bootstrapping with 1 000 
pseudoreplicates, while Bayesian analyses were run for 10 000 000 iterations, and the first 2 500 000 iterations 
discarded as “burn in”. Phylograms were visualized using Tree-View 1.6.6 (Page 1996). 


Results 

Depending on the combination of primers used (listed in Table 2), sequences of various lengths were obtained from 
the region covering ~ 1800 bp of mitochondrial DNA containing partial tRNA Met , complete tRNA" c , tRNA Cys and 
tRNA Tyr followed by full sequence of the COI gene and 228 bp of COII gene. However, as the DNA was somewhat 
degraded in some samples, we were unable to sequence DNA of this length from all specimens. In phylogenetic 
analysis we included only the 750 bp sequence of COI gene, which was obtained for all samples. This sequence 
matches the widely used barcoding region with only 37 bp missing at the 5’ end while extending 128 bp beyond 
this region at the 3’ end. 
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C. angustula Y Norway, Fatlaberga 61°09 , 50"N 6 0 54'31"E 5.07.2011 F. Odegaard Chrysis070 (NINA) HI 1 NOCHR070-13 

C. angustula* r Germany, Bavaria 48°54'54"N 12°27'18"E 24.05.2008 G. Merkel-Wallner BC ZSM HYM 17475 (ZSM) IT 12 GBACU3130-13 

C. angustula V Norway, Heggenes 59°26'24"N 8°46’59"E 5.06.2009 F. Odegaard Chrysisll5 (NINA) H13 N0CHR110-13 

C. angustula ? Norway. Kjevikveien 58°12'32"N 8°05'17"E 3.09.2009 F. Odegaard Chrysis 146 (NINA) HI3 NOCHR141-13 

. continued on the next page 









TABLE 1. (Continued) 

Species Sex Locality Latitude Longitude Date Collector Voucher ID (depository) Haplo-type COI rRNA 

C. angustula g Norway, Magnor 59°57'08"N 12°10'34”E 27.06.2012 F. Odegaard Chrysis066 (NINA) H13 NOCHR066-13 

C.angustula $ Norway. Bergsland 59 0 36'29"N 8°42 , 40”E 23.06.2010 F. Odegaard Chrysisl43 (NINA) H14 NOCHR138-13 

C. angustula $ Bulgaria. Sofia. Simeonovo 42°37'12”N 23°19'50"E 20.06.2007 T. Ljubomirov CCDB-05795-E12 (IBER) M15 CRABR535-10 


3 00 


X 


U 


SO l> 

x 5 


X 

x 

X 


V 1 VO 

N os 

x rr 


re 

o Q 

c/5 CJ 

> U 


^ X 
2 H 


3 

3 

X 


O O O 
O O O 
ON ON ON 

in cd h 

pop 

00 —I K 


w £4 P 

= 0^0 

oo «/o co 

!f> on os 

co —. ON — 


g g g 

oc A A 

CO —< 7 " 

X A ON 

ro ^ 

O CNl o 


£ 

3 

‘5b 


CQ CQ 


•S 1 

bO J3 
3 .£ 
Ph 


id 

I 

<3 


,g 

a 

I 

a 


ON 

X 


ON 

X 


3 SO VO 


00 00 ON 

00 00 ON 

ON ON ON 
CO CO ON 

2 2^ 


— — ON 

00 o T 

NO NO NO 
o o NO 

X 

x 

o 
o 

X 


— — ON 


Ph 

D 

u 

< 


X 


CO ON CO ON 00 no V-) 

ON On ON OC 00 00 ON 

00 00 00 00 00 00 ON 

ON ON ON On ON ON ON 

co co co co co co ON 

2 2 2 2 2 S S 


ON 

X 


(N 00 ON 
ON ON ON 
ON CO ON 


00 ON o 

— — ON 

XXX 


h on co 't m so o 

ON ON ON ON ON ON ON 

X X X X X XX 


V 

X 

X 


o 

X 


a. 

£ 

_3 

"3 £3 

> 

Ph Q_ 

5 I 

.-5 > 
> cS 


Of Of 


N 


< 
g 
X X 


X 


r-t^-oooNO — — on 

ONONONONCOCOCOCO 

xxxxxxxx 


u 

X 




ON ON 

co co 

£ X 


X 


< 

u 

< 

CQ 


CS -3 -3 


b & 

Ph -C 

o u 


N ^ 

D <2 

H < 


— 10 

c/5 on 

> > 


N N 

X X 

H H 

vo 3 
OO ON 
O VO 

C/5 C/0 

> > 


0 

X 



O 

X 

ON 

< < 
s s 

= 

X 

X 

CO 

1 

n £ £ 

3- 

3 

/-N ON 

*7 I 


D 

f— 


b 

g 


<N 

H" 

O 


O o 


Z 

o 


J1 

N 


N > 

P 3 

- 2 

H- m 

g N 

C/5 (J 

> CQ 


jj o 


tr 

3 

< 


o 

O 


o 

£ 

£ 

X 


3 3 


.t- 23 3 


X X in X X 


Of Of 


i 

3 

£ 

C/5 

p 

:3 

> 

3 

4> 

3 

c 

X 

3~ 

0 

'S 

X 

0 

c 

'3 

‘C 

13 

X 

g 

z 

§■ 

2 

.3 s4 

-6 

3 

*§ 

3 

O 

33 

O 

£ 

II 

on J2 

.3 

C 

O 

on 

£ 

”3 

i 

> 

'IQ 

3 

c/T 

3 

3 

13 

CQ 

<u 

s- 

£ 

g 

0 

3* 

g 

O 

35 

| 

0 S 

^ B 
jj 0 
2 0 

x 

C/5 

O X 

PJ 


C/5 

< 

CQ 

0 

X 

X 

E 

Of 

Of 

Of 

^O 

cx 


Of 

CX 

Of 

Of 

cx 

Of 

Of 


X 

X 


o 

ON 


< 

u 

< 

CQ 

X 


co 3- 3 

co co co 

XX X 


c/5 

N 


X 

X 

2 

C/0 

N 

U 

CQ 







C/3 

3 




‘c 



•0> 

L— 



C/3 

3 


C/3 

3 




C/3 

b 

0 

3 

3D 

3 

3 

Of) 

3D 

1 

UJ 

3 

3 

3 

’> 

CT 

> 

O 

3D 

N 

e g 

*N 

N 

3 

Of) 

3 

3 

N 

-3 

_o 

"h 

C/3 

> 

Oh 

3 

X 

3D 

3 

3 

dl) 

3D 

3 

3 

d/j 

3 

3 

3 

C/3 

jD 

>C/3 

3 

a 

i-H 

t-, 

w 

3D 

>K 

> 

<D 

<D 



O 


3 

3^ 

.£ 

O 

X 

(U 

o> 

3 

X 

<L> 


0 

13 

13 

3 

CQ 

O 

X 

O 

X 

3D 

0 

3D 

0 

£§ 

0> 

X 

O 

13 

C/5 

2 

2 

X 

O 


3D 

0 

3D 

0 

X 

d> 

X 

0 

C/5 

2 

3 

2 

W 

< 

X 

X 

X 

2 

X 

< 

< 

< 

d 

X 

X 

u 

X 

X 

2 

0 

< 

> 



r- 

00 










r- 











0 

0 










0 











0 

ON 

0 

ON 







3 

O 



0 

ON 


ON 

0 









00 

0 

On 

O 

10 

_ 


— 

>rs 

T) 

O 

ON 

__ 

NO 

ON 

O 

0 

on 

0 

0 

NO 


ON 

3 


00 



0 


ON 


ON 

O 

O 

O 



NO 



O 

00 


O 

00 

0 

•o 

— 

0 

0 

O' 

O 

ON 

O 

06 

O 

O 

^H 

0 

0 

0 

O 

ON 

O 

O 

0 

0 

ON 

(N 

ON 

ON 

0 

ON 

^H 

ON 

O 

ON 

ON 

ON 

ON 

p 

ON 

ON 

ON 

ON 

ON 

ON 

0 

ON 

'A 

«A 

«A 

OO 

ON 

NO 

X 

X 

CN 

•A 

'A 

NO 

X 

X 

X 

X 

X 


NO 

X 

ON 

00 

0 

0 

0 

p 

X 

O 

p 

O 


0 

p 

O 

p 


p 

p 

0 

NO 

O 

O 

K 

O 

ON 

_ 

«A 

ON 

0 

X 

CO 

ON 

X 

0 

X 

ON 

CO 

CO 

<A 

X 

X 

O 

3 

3 

O 

3 


CO 

ON 


3- 

CN 

CN 


1—1 

ON 

CN 

CN 

1 


ON 

CN) 

’ 1 

3 

ON 


1 

1—11 

w 

ON 

co 

LQ 

w 

CN 

w 

NO 

u 

0 

W 

K 

w 

0 

w 

W 

•A 

W 

0 

w 

ON 

W 

co 

p 

W 

W 

W 

So 

X 

w 

Al 

w 

NO 

X 

A 

X 

3 

•— 

p 

0 

3" 

JP 


«n 

CO 

3 

3 

3 

CO 

O 

s 

0 

co 

I/O 

A 

3 

CO 

•oo 

C^l 

NO 

— 

p 

r- 

00 

NO 

0 

ON 

00 

co 

ON 

0 

CN 

3 

3 

co 

NO 

CN 

ON 

X 

On 

A 


ON 

CO 

O 

ON 

CN 

3 

CN 

IT) 


O 

CO 


NO 

x 

f- 

O 

A 

VO 

ON 

CN) 

CN) 

•n 

>n 


X 

O 

3- 

O 

Ai 

CO 

n 


3 

NO 

O 

3 

0 

co 

0 

00 

g 

3 

r- 

co 

co 

01 

ON 

Os 


1—1 

ON 

ON 

CO 

ON 


- - 


CN 


ON 

ON 

ON 

00 

ON 

ON 


1-1 

X 

g 

X 

g 

g 

g 

g 

g 

g 

g 

g 

X 

g 

g 

g 

g 

g 

g 

g 

g 

X 

g 

ON 

— 

0 

ON 

Z_ 

NO 

•A 

0 

ON 

ON 

Oo 

NO 

X 

uo 

So 

So 

ON 

A 

A 

ON 

0 

A 

CO 

ON 

0 

3- 

CN 

3 

>n 

3 

r“ 

CNJ 

3 

3 

co 

3 

VO 


VO 

co 

— 

O 

(N 

CO 

CO 

OO 

00 

co 

3- 

ON 

On 

Os 

O 

On 

Oo 

CN 

00 

O 

co 

0 

•A 

A 

00 

A 

ON 

3 

ON 

\r, 

0 


CN 

O 

3 

r -1 

CN 

ON 

0 

UO 

co 

co 

O 


vo 

vo 

3 

r ' 1 

3 

vo 

<0 

3- 

«/D 

O 

co 

X 

co 

0 

ON 

3 

00 

A- 

3 


o\ 


O 

ON 

3 

ON 

OC 

OC 

I/O 

•T5 

3- 

NO 

NO 

NO 

NO 

'/O 

■n 

3 

3 

3 

i/O 

I/O 

I/O 

vo 

NO 

3 

vo 

I/O 

3 

3 


o 

X 


OD c* 3 
3 co 3 

P P 


X x o Ph o a 


s 

id 

& 


S 




uoucu uuu 


^5 

u 


u 


308 ■ Zootaxa 3786 (3) © 2014 Magnolia Press 


SOON ETAL. 









■3- 

-f 

Tt 

w-> 

VO 

r- 

oo 

00 

00 

00 

00 

00 

00 

c*o 

cn 

cn 

CO 

co 

cn 

co 

co 

co 

co 

co 

co 

co 

X 

X 

X 

PC 

PC 

K 

X 

s 

ffi 

s 

X 

X 

X 














S 

2 


2 


2 








C/3 

C/3 


00 


00 








N 

N 


N 


N 








c*o 

NO 


Tf 


00 






G 

aC 


ON 

<N 

Tf 

CO 

G 

ON 

<N 


W“) 

ON 



_ 

_ 

_ 

G 

NO 

1" 


NO 


Tt 



p 

1—1 

x 


oC 

o 

Z 


g, 

t> 

O 

s 


2 



1 

i 

z 


z 

CO 

>- 

X 

z 

PC 

1 

ON 

CO 

z 

X 

z 

o 

wo 

v-> 

o 

I* 

N 

D 

N 

P 




~-t 

o 

o 

b 

o 

z 

C/3 

N 

GO 

N 

NO 

b 

S 

00 

N 

2 

GO 

N 

H 

04 

<N 

H 

VN 

04 

o 

NO 

O' 

ON 

NO 

ON 

On 

O 

NO 

‘sO 

O' 

o 

00 

04 

O' 

oo 

o 

X 

00 

b 

X 

U 

U 

z 

O 

Z 

CJ 

C/3 

C/3 

CP 

Oh' 

CP 

z 

z 

CQ 

CQ 

H 

CQ 

o 

CQ 

> 

> 

O 

o 

O 

H 

H 


2 8 

co 

< X 

O U 

< < 
ffl ffi 

pH O 


o 


w 


o 


2 

ffi 


00 < Ol 

oo cj <n 

O'. > ON 

CO d Ol 

2 S « 




•—j CO 

CJ oo 

< Q 
ffl £ 

o ^ 




Pu 

X 

u 

< 


X 

X 

cj 

< 


oo 

oo 

X 


3 O 

5 W 


oo 

00 

X 




d = 

•73 0> 
05 3 

e s 

X X 


3 t3 


Z 

o 


h'5> 


OO 00 - 


<N On' 

o 


ON 04 
X NO 
NO O 

P © 

’Tf co 


VO O O 

P 04 cd 

— 04 Ol 


w X 

d- d- 

ri cn 


x = 


x x x x 


x 


ff) T) - M — 


00 — 04 


z z z z z Z Z 


z 

ON 04 fO ON l> 


ON ^ 

<n r 


3 f?3 

ffl " ^ 

pN S 

3 P> c 
03 t 55 

£ « _g 
o ^ .3 
O > X 


x 

g 


C3 


u 

< 


3 

0*5 

3 


04 

s 

ON 


o — — 


3 

00 

0O 


o — 


ON NO NO 


04 CO 00 


00 OO w 00 00 

ON ON CJ ON ON 

co co 0 co co 

2 2 z 2 2 




XXX 


< u % 

1 ££ 
6 Cl oc 
O' On — 
^ — 04 


O O 00 

— — 04 

X X X 

? ? 8 


3- 

X 


CJ 

pc 

z 


o 

X 


IZ 2 ^ 


CO CO -3- IO NO 

X X X X X 


£' £' 
TO TO 
3 3 

CQ CQ 

d w 


04 04 

g § § r4 

o no © o 

04 -p — 04 

|d NO NO NO 

p pop 

— h NO 00 


3 _ _ 


D TO TO 


TO 

Q 

3 

CQ 

o 

CO 


o 

o 

Ph' 

P-) 

PQ 


< 

< 


N 

D 

H 04 

no o 
04 2 

04 X 
c/3 Z 
> H 


3 C* 
O "3 
O 3 
Gfl CQ 


o 

CJ 

G 

CJ 

pc 

PC 

PC 

PC 

Z 

z 

z 

Z 

Tt 

Ol 

04 

04 

b 

b 

NO 

v-j 


On <o NO NO 


O 

X 

z 


& d d 

TO -O TO 
3 3 3 

CQ CQ CQ 


> x x x x 


r- 00 On 


o 

04 


o 

NO 


p ^p © 


o 

00 


X X X X X X 

wo © oo © © oo 

rc rc Cl V“i O v"3 


W W W W 


PC 


o 

© 


o 

o 

NO 


X 

d" 00 d" 

04 — «n 

04 04 04 — — — — 


o 

NO 


04 04 CO 

NO NO NO 


04 04 — 04 04 04 


04 04 04 04 04 04 04 


? ^ gr £ £ ^ £ £ Z gt £ Z £ 

On 00 c4 co O co d 

■"' co Ol co —. — 


— <o NO uo Tf 


IC| CO 04 !CI ro 


'C T7 3 *!3 


NO 

© 

d" 


00 00 On 

p co |f) 
co co Oo 
WO 04 Ol 04 VO 


VO wo wo VO wo wo 

VO I/O NO I/O WO WO 


z 

1—M 

o 

rj 

X 

§ 

§ 


d' 

s 

| 

o 

*3 

O 

tn 

*3 

O 

o 

o 

X 

W 

Of 

Of 

Of 

Of 


& 

C j_ . _ ^ 

WJ CIS -3 3 p 

“ ^ 3 ^ s a 

c O ■§ i c' o i 

ca > CO S3 & u 3 

c 3 C O B U 2 

Ph Z Ph P-h 2 J 


o> '£• 

s . ! | 

O .3 

5 


3 C3 

11 
Z -i 


3, :3 

" 5 

I § 

is i 

uh > 


^3 

> 

cd 




p 

U. 

U. 

3 

Uh 

3 

■b 

3 

3 

3 

3 

c3 

M 

c3 

3 

cC 

z 


> 

> 

> 

d 


d 

d 

d 


3 

M 


J hJ P^ hJ J -I 


CH- Of o 


Of Of Of ^X) 


C3 

C3 

a 



<3 

G 


G 

a 

a 

Q 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 









d 

d 




d 



d 


d 



d 

d 

d 




■S 1 


-§3 

-S 


^3 

-S 

-S' 


-5 



-S 3 

-S 1 

■S 



-S 3 


-S 3 

-S 3 



<0. 


<0. 

>0, 

<0. 

<3, 

>0. 


>0. 

>0. 




<0. 


>0. 





>0, 

<0. 

u 


u 

u 

U 

o' 

U 

U 

U 

u 

U 

U 

u 

u 

U 

U 

o' 

0 

0 

0 

0 

0 

Cj 

0 


TESTING THE VALIDITY IN THE CHRYSISIGNITA SPECIES GROUP 


Zootaxa 3786 (3) © 2014 Magnolia Press ■ 309 


C.ignita Q Belarus, Giry 54°38'3r , N 26°I2'03 ,, E 24.06-2.07.2011 S. Orlovskyte SO201 I-06-24-2 (NRC) H47 KJ398887 

C.ignita ? Bulgaria, N Nova Chema 44°00'50"N 26°26’47"E 24.05.2007 M. Ilieva CCDB-05794-G01 (IBER) H47 CRABR453-10 

C.ignita $ Estonia, Vellavere 58°I5'45"N 26°24’40"E 25.06.2003 V. Soon VS028 (TUZ) H47 JX292224 JX292I83 

C.ignita 9 Italy, Turlin, Aosta 45°41'29"N 7°15'59"E 17.08.2006 P. Rosa VS171 (TUZ) 1147 JX292249 HM071088 

. continued on the next page 









TABLE 1. (Continued) 

Species Sex Locality Latitude Longitude Date Collector Voucher ID (depository) Haplo-type COI rRNA 

C. ignite* 9 Lithuania, Visoriai 54°45'H”N 25°15'47"F 23.05.2010 A. Budricne AB2010-05-23 (NRC) H47 KJ398878 

C.ignita $ Sweden, Oja, Landsort 58°44'40"N 17 o 52'03"E 6.07.1990 J. Abenius VS141 (JA) H47 JX292242 JX292199 

C. impressa 9 Finland, Langelmaki 61°49'01"N 24°54'14"E 3.07.2001 J. Paukkunen GP.70882 (FMNH) H48 ACUFI511-13 
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TABLE 1. (Continued) 

Species Sex Locality Latitude Longitude Date Collector Voucher ID (depository) Haplo-type COl rRNA 

C. longula $ Germany, Filsen 50°14'15"N 7°35'34"E 25.06.1999 M. Niehuis ON269 (ON) H64 JX292217 HM071084 

C. longula* $ Germany, Thuringia 51°19'23"N 11°01'55"E 6.07.2011 F. Burger BC ZSM HYM 12750 (ZSM) H64 GBACU2490-13 

C. longula ? Italy, Ozein 45°40’41"N 7°14T6"E 15.08.2002 P. Rosa VS034 (T’UZ) H64 JX292229 JX292188 
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TABLE 1. (Continued) 

Species Sex Locality Latitude Longitude Date Collector Voucher ID (depository) Haplo-type COI rRNA 

C. pseudobrevitarsis $ Belarus, Giry 54°38 , 31 ,, N 26°12 , 03"E 15-19.08.2011 S. Orlovskyte SO2011-08-15-19 (NRC) H78 10398900 

C.pseudobrevitarsis $ Estonia, Vohunomme 59 o 15'02"N 26°35’43"E 15.07.2004 V. Soon VS037 (TUZ) H78 JX292232 JX292191 

C. pseudobrevitarsis <S Finland, Imatra Mellonmaki 61°09'29"N 28°45T8"E 2.07.2007 M. Raekunnas HE.708 (FMNH) H78 ACUFI499-13 
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SOON ETAL. 


C.schencki S Norway, Gyllvatnet 63"05'56"N 10°17'56"E 6.07.2008 F. Odegaard Chrysis 137 (NINA) H102 NOCHR132-13 

C. schencki 5 Finland, Janakkala Hakoinen60°52'41"N 24°35'49"E 1.01.2003 J. Paukkunen & G.GP.70855 (FMNH) H103 ACUFI514-13 

Soderman 

C.schencki $ Lithuania, Merkine 54°09'46"N 24°1P38"E 12.06-24.09.2011 E. Budrys TNH11-407-1 (NRC) H103 K.I398844 

C.schencki £ Lithuania, Musteika 53°59’22"N 24°25'51"E 21.05-20.08.2007 E. Budrys TNH07-2522-1 (NRC) II103 KJ398839 










TABLE 1. (Continued) 

Species Sex Locality Latitude Longitude Date Collector Voucher ID (depository) Haplo-type COI rRNA 

C. schencki 8 Lithuania, Puvofiiai 54°06’01"N 24°18'39 n E 10.06-25.08.2009 E. Budns TNI109-769-1 (NRC) 11103 KJ398906 

C. schencki 8 Norway, Bratsberg 63°20'46"N 10°31'50"E 19.06.2011 F. Odegaard Chrysis006 (NINA) H103 NOCHR006-13 

C. schencki $ Norway, Fatlaberga 61°09'50"N 6°54’31"E 5.07.2011 F. Odegaard Chrysis048 (NINA) II103 NOCHR048-13 
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C.solida Finland, Loviisa 60°25'12"N 26°12'40"E 2.07.2009 J. Flinck GP.64796 (FMNH) H120 ACUFI517-13 

Harmaakallio 

C.solida 8 Finland, Somero Talvisilta 60°34'23"N 23 o 23'20"E 7.06.2008 J. Paukkunen GP.66671 (FMNH) H120 ACUFI516-13 

C.solida 8 Lithuania, Kietneliai 54°51'30"N 25 o 01'00"E 20.05-30.08.2010 E. Budrys TNH10-905-1 (NRC) H120 K.I3989I0 

C.solida 2 Norway, Asakmoen 59°59’06"N 11°06'36"E 27.08.2010 F. Odegaard Chrysis 162 (NINA) FI120 NOCIIR157-13 
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C.solida V Norway, Utstranda 59°59'55"N 10°17'19"E 2.0S.201I F. Odegaard Chrysis058 (NINA) H131! NOCHR058-13 

C.solida S Poland, Piekary 50°02'09"N 19 0 48'25''E 7.05-27.09.2007 E. Budrys TNH07-181-1 (NRC) H131 KJ398903 

C.solida y Norway. Myra 62°37'12"N 8°53'53"E 2.07.2010 F. Odegaard Chrysisl61 (NINA) H132 NOCPIR156-13 

C.solida $ Estonia. Tarlu 58°23'42"N 26°42'42"E 1.08.2004 V. Soon VS035 (TUZ) H133 JX292230 JX292189 
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TABLE 1. (Continued) 

Species Sex Locality Latitude Longitude Date Collector Voucher ID (depository) Haplo-type COI rRNA 

C. sp. 1 5 Portugal. Azores. Flores. 39°22'28"N 31°12 , 16”W 21.09.2009 N. Fritzen VS211 (TUZ) m48 K.I398931 

Fajade Lopo Vaz 

C. sp. 1 S Norway, Lade 63°26’49"N 10°26'02"E 23.06.2010 F. 0degaard Chrysisl 12 (NINA) H149 NOCHR107-13 
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TABLE 1 . (Continued) 

Species Sex Locality Latitude Longitude Date Collector Voucher ID (depository) Haplo-type COI rRNA 

C. terminal a* $ Germany, Thuringia 51°13'59"N iri9'23"E 18.04.2011 F. Burger BC ZSM 1IYM 12739 (ZSM) 11163 GBACU2479-13 

C.terminata* ’ Germany, Thuringia 51°13T9"N 10°52'30"E 15.06.2011 F. Burger BC ZSM HYM 12749 (ZSM) H163 GBACU2489-13 
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C. longula aeneopaca ? Russia, Chita Oblast, 50°25'29"N 109°45'51”E 22.08.1998 A. Anichtchenko VS033 (TUZ) H178 JX292228 JX292187 

Kunaleja 

C.graelsii S Estonia, Vellavere 58 0 15'45’’N 26°24'40"E 25.06.2003 V. Soon VS 162 (TUZ) JX292244 HM071079 

C.indigotea P Germany, Messel 49°55'37"N 8°45’27"E 4.06.1998 O. Niehuis ON050 (ON) 4X292211 HM071094 









TABLE 2. Primers used to amplify and sequence the mitochondrial COI gene. Position numbering is based on the 
Primeuchroeus sp. mitochondrial gene fragment (GenBank accession no. DQ302101.1), f/r forward or reverse primer. 


Gene 

Primer 

f/r 

Sequence (5’-3’) 

Position 

Source 

tRNA Ma 

Kuld6R 

f 

TTTATCGWYAGGGTATGAAC 

3158 

this study 

COI 

LepFl-chrys 

f 

TCAACWAATCATAARGATATTGG 

3443 

Hebert et al. 2004 modified 


AP-L-2013 

f 

TATAGTTATACCATTTTAATTG 

3622 

Pedersen 1996 


AP-L-2013chrys 

f 

TATAGT WATACC WTTTATA ATY GG 

3622 

Pedersen 1996 modified 


COI2Chr2-f 

f 

TACTCGGGCTTATTTTACTTCAG 

4318 

this study 


KuldCOlF 

r 

AATCAAATCTYATATTATTYATTCG 

3729 

this study 


AP-H-2650chrys 

r 

ACAGTAAAYATATGATGWGCTC 

4302 

Pedersen 1996 modified 


AP-H-2650 

r 

TCCGACTGTAAATATGTGATGTGCTC 

4306 

Pedersen 1996 


A2590 

r 

GCTCCTATTGATARWACATARTGRAAATG 

4572 

Normark et at 1999 

con 

COI2Chr2-r 

r 

CGTCCAAATTACCTCAATTATATG 

5231 

this study 

con 

COI2Chr4-r 

r 

AAAATTTGTAATGATGGGATAGC 

5284 

this study 


Obtained rRNA sequences consisted of the nearly complete sequence of 16S rRNA, the complete sequence of 
tRNA Val , the complete sequence of 12S rRNA and part of the ND4 gene. The rRNA gene sequences varied 
considerably in length (2017-2057 bp) due to numerous indel events. 

Nearly all haplotypes clustered with conspecific haplotypes forming well supported monophyletic clades 
according to the neighbour-joining (NJ) K2P analysis (Figs 1, 2). However, relationships between these clades 
remained unsupported according to the bootstrapping results. Some of the unidentified samples formed two distinct 
clusters that were genetically distant from all other included species according to the branch lengths. Although 
further analysis is needed to gain confidence in their status, we treat these two clusters as separate species and 
name them as C. sp. 1 and C. sp. 2 hereafter in order to avoid confusion with other species. Additional clusters 
were formed by unidentified samples near C. ignita and C. impressa, but due to the relatively short branch lengths 
we hesitate to treat these as separate species and leave them as C. sp. All included published barcodes from the 
Barcode of Life Datasystems website grouped within included species and hence we treat them as members of 
these species hereafter ignoring their original identification. Only C. mediata, C. solida and C. pseudobrevitarsis 
samples did not cluster according to the prescribed species and formed paraphyletic groups instead. 

Maximum intraspecific divergence remained below 2% in all species except C. pseudobrevitarsis, C. schencki 
and C. fulgida, where the divergence was 4.06%, 2.08% and 2.01%, respectively (Table 3). C. pseudobrevitarsis 
formed a paraphyletic group with respect to C. brevitarsis, while several of its samples were also relatively distant 
to each-other. C. schencki clustered into two relatively distinct clades with maximum genetic divergence within 
each clade of 0.61% and 1.12% and minimal divergence between them of 1.85%. Also, C. fulgida grouped in two 
clusters with maximum genetic divergences of 0.45% and 0.92% and minimal divergence between these clusters of 
0.91%. 

Minimal interspecific divergence was mostly above 2% except in C. terminata (1.85%) and five other species 
in two clusters: C. ignita (0.61%) / C. impressa (0.45%) / C. sp. (0.45%) and C. mediata (0.15%) / C. solida 
(0.15%). 

Aligning mitochondrial rRNA genes for phylogenetic analysis with Bali-Phy produced a 2149 positions long 
maximum a posteriori (MAP) alignment. However, fewer than 50% of those positions were supported with 
posterior probabilities over 0.95. Removing poorly supported positions with probability below 0.95 resulted in a 
1437 bp alignment, which was used as a “limited dataset” in phylogenetic analysis. 

Maximum Parsimony, Maximum Likelihood and Bayesian analyses of the alignment consisting of only well 
supported positions produced the phylogeny presented in Figure 3. The topologies of the phylogenetic trees 
produced by the three methods were nearly identical and all were relatively well supported. Nevertheless, most of 
the major nodes gained high support except a few, which were sufficiently supported only by the Bayesian analysis. 
Ten species that were represented by more than one sample (C. iris, C. fulgida, C. ruddii, C. subcoriacea, C. 
longula, C. angustula, C. corusca, C. terminata, C. schencki and C. leptomandibularis ) formed monophyletic 


320 ■ Zootaxa 3786 (3) © 2014 Magnolia Press 


SOON ETAL. 






C. ignita clade 


100 


i—C. angustula HI: EST (1) 

JC. angustula H2: EST (1), FIN (1), LIT (2) 

L c. angustula H3: FIN (1) 

C. angustula H4: FIN (1), LIT (1) 

-C. angustula H5: LIT (1) 

— O. angustula H6: LIT (1) 

C. angustula H7: LIT (1) 

C. angustula H8: LIT (1) 

I C. angustula H9: LIT (3), NOR (2) 

T— C. angustula H10: LIT (1) 

rC. angustula H11: LIT (1), NOR (1) 

I— C. angustula H12: GER (1) 

JLC. angustula HI 3: NOR (3) 

L C. angustula H14: NOR (1) 

I—C. angustula HI 5: BUL (1) 

[— Lc. angustula HI6: BEL (1) 

H lc. angustula H17: BUL (1) 

I —C. angustula HI8: FIN (1) 

_j-C. angustula HI9: LIT (1) 

L-C. angustula H20: LIT (1) 

- C. angustula H21: ITA (1) 

,C. angustula H22: NOR(1) 

Lc. angustula H23: NOR (1) 
r C. longula H61: FIN (1) 

Hr C. bngula H62: LIT (1) 

LC. longula H63: LIT (1) 

C. bngula H64: GER (2), ITA (1), LIT (1), NOR (1) 
Lc. bngula H65: FIN (1) 

-C. bngula H66: LIT (1) 

C. bngula H67: BLR (1) 


100 


jC. bngula H68: LIT (1) 

T-C. bngula H69: LIT (1) 

-C. bngula H70: LIT (1) 

—C. bngula H71: FIN (1) 

C. bngula H72: LIT (1) 

—C. bngula H73: LIT (1) 

,C. subcoriacea H157: FIN (4), FRA (1), NOR (1), SWE (1) 
100| ~Lc. subcoriacea HI58: EST (1) 

'C. subcoriacea HI59: NOR (1) 

100i-C. vanlithi H176: NOR (1) 

~^-C. vanlithi HI77: SUI (1) 

100i — C. clarinicollis H26: UKR (1) 

1C. clarinicollis H27: EST (1), ITA (1), SVK (1) 
i—C. corusca H28: AUT (1) 
lc. corusca H29: BLR (1) 

-C. corusca H30: GBR (1) 

100 Lc. corusca H31: NOR (2) 

■ C. corusca H32: FIN (1), GER (1), LIT (1) 

C. corusca H33: EST (1) 

r C. ruddii H85: NOR(1) 

-C. ruddii H86: FIN (1) 

C. ruddii H87: NOR(1) 

C. ruddii H88: NOR (2) 

C. ruddii H89: NOR(1) 

-C. ruddii H90: SWE(1) 

C. ruddii H91: ITA (1) 

100 "1-c. ruddii H92: BUL (1) 


R 

Lc. 


C. ruddii H93: EST(1) 
C. ruddii H94: FRA (1) 
C. ruddii H95: NOR (2) 


100 


0.02 


r C. /ns H50: LIT (1) 

—C. iris H51: EST(1) 

C. /r/s H52: BUL(1), LIT (1) 
-C. /r/s H53: FIN (1) 

—C. /r/s H54: FIN (1) 

-C. iris H55: POL(1) 

-C. iris H56: BUL(1) 


C. ruddii H96: GER (1) 
U -C. ruddii H97: GER (1) 
^C. ruddii H98: GER (2) 
C. fulgida H34: GER (4), LIT (1) 

C. fulgida H35: GER (1) 

—C. fulgida H36: GER (1) 

C. fulgida H37: GER (1) 

C. fulgida H38: EST (2), FIN (3), LIT (2), NOR (1) 

-C. fulgida H39: LIT (1) 

-C. fulgida H40: LIT (1) 
n C. fulgba H41: FIN (1), LIT (1) 

"Lc. fulgida H42: LIT (1) 

r-C. fulgida H43: FIN (1), LIT (1) 

_P—C. fulgida H44: LIT (1) 
lc. fulgba H45: LIT (1) 

L-C. fulgida H46: LIT (1) 


FIGURE 1. Kimura-2-parameter neighbour joining tree of all ingroup haplotypes: the C. fulgida, C. ruddii and C. longula 
clades. Bootstrap values below 90 are not shown. For each haplotype the species name and haplotype number is given followed 
by a list of countries (three digit code) where the haplotype is found, with the number of sequences from each country in 
parentheses (Table 1). 
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100 


100 


94 


-C. so lid a Hill: LIT (1) 

—C. solida H112: LIT (1) 

C. solida H113: LIT (1) 

,—C. solida H114: LIT (1) 

I—C. solida H115: LIT (1) 

IC. solida H116: LIT (2) 

— C. solida H117: LIT (1) 

C. solida H118: GER (5) 

C. solida H119: NOR (1) 

H120: FIN (3), LIT (1), NOR (14), SWE (1) 
solida HI21: LIT (1) 
solida HI22: LIT (1) 

C. solida HI23: NOR(1) 

C. solida HI24: LIT (1) 

C. so//c/a HI25: UT(1) 

C. so//tfa HI26: LIT (1) 

C. soMa HI27: LIT (1) 

C. so//c/a HI28: LIT (1) 

C. solida HI29: LIT (1) 

I—C. so//c/a HI30: NOR (1) 

1C. so//c/a H131: GBR (1), NOR (2), POL (1) 

-C. mediata H74: GER (1) 

C. solida HI32: NOR (1) 

— C. solida HI33: EST (1), GER (4) 

C. mediata H75: EST (1), GER (2), LIT (1) 
i -C. mediata H76: GER (5) 

100i— C. schencki H99: NOR (1) 

Lc. sc/7eoc/c/H100: FIN (1), GER (1), ITA (1), NOR (19), SWE (1) 
C. schencki HI01: NOR(1) 

C. schencki HI02: NOR(1) 

C. schencki HI03: FIN (1), LIT (3), NOR (2) 

C. schencki HI04: LIT (1) 

C. schencki ^05: LIT (1) 

C. schencki HI 06: NOR (1) 

C. schencki HI07: BUL(1) 

Z. schencki H108: LIT (1) 

C. schencki HI 09 EST(1) 

•C. sc/7e/?c/(/H110: GBR (1) 

r—C. spl. H146: UT (1) 

J1C. spl. H147: GER (1) 

_^ZJI—C. spl. H148: POR (1) 

I-C. spl. H149: NOR (1) 

-C. spl. HI50: BUL (1), TUR (1) 



100 |C- leptomandibularis H57: EST (1) 

leptomandibularis H58: ITA (1), LIT (1) 
-C. bptomandibularis H59: BLR (1) 

-C. bptomandibularis H60: LIT (1) 


Op- ’VP" 


C. ignita H47: BLR (1), BUL (1), EST (1), ITA (1), LIT (1), SWE (1) 

92 1 —C. impressa H48: FIN (1) 

I C. impressa H49: EST (1), FIN (4), GER (3), LIT (3), NOR (25), SWE (2) 

— C. sp. HI 34: BUL (1) 

— C. sp. HI35: BUL (1) 

C. sp. H136: BUL (1) 

— C. sp. H137: BUL (2), SVK (1) 

I—C. sp. H138: NOR (2) 

C. sp. HI39: NOR (5) 

C. sp. H140: FIN (1) 

C. sp. H141: NOR (1) 

C. sp. H142: SWE (1) 

-I —c. sp. H143: FIN (1) 

-C. sp. H144: FIN (1) 

-C. sp. H145: FIN (1), NOR (2) 

— C. terminata H160: LIT (1) 

-C. terminata H161: BUL(1) 

— C. terminata H162: BUL (1) 

C. terminata HI63: BLR (1), BUL (2), GER (5), NOR (5), SWE (1) 
— C. terminata HI64: NOR (1) 

— C. terminata HI65: UKR (1) 

-C. terminata H166: BUL (1) 

-C. terminata H167: BUL(1) 

-C. terminata H168: GBR (1) 

— C. terminata H169: BUL (1) 


100 



100 


r-C. terminata H170: BUL (1) 

D h- I —C. terminata HI71: BUL (1) 

-C. terminata HI72: BUL (1) 
terminata H173: BUL (1) 

Ir-C. terminata HI 74: FRA (1) 

^-C. terminata HI75: ITA (2) 

1001 -C. pseudobrevitarsis H77: GER (1), LIT (1), RUS (1) 


97 


uj - .... 

i — C. pseudobrevitarsis H78: BLR (1), EST (1), FIN (2) 
i— C. pseudobrevitarsis H79: GER (1) 

2|-lC. pseudobrevitarsis H80: GER (2) 


92 r 


-C. pseudobrevitarsis H81: GER(1) 

-C. pseudobrevitarsis H82: EST (1) 


-C. pseudobrevitarsis H83: NOR (1) 


-C. pseudobrevitarsis H84: ITA (1) 
100j— C. brevitarsb H24: FIN (1) 


100r 


100 


Cc 


0.02 


C. brevitarsis H25: SWE (1) 
C. sp2. H151: GER (1) 

C. sp2. HI52: GER (1) 
r—C. sp2. HI53: ESP (1), SVK (1) 

92J_^—c. sp2 HI54: BLR (2) 

[pc. sp2. H155: BLR (1) 

1C. sp2. HI56: BUL (1) 


FIGURE 2. Kimura-2-parameter neighbour joining tree of all ingroup haplotypes: the C. ignita clade. Bootstrap values below 
90 are not shown. For each haplotype the species identity and haplotype number is given followed by a list of countries (three 
digit codes) where the haplotype is found, with the number of sequences from each country in parentheses (Table 1). 
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83/92/+ 


r C. solida GER ON112 
J-C. solida SWE VS505 
Lc. solida ENG VS220 
C. mediata EST VS036 
LC. mediata GER ON121 
C. solida EST VS035 


99/99/+ 


+/+/+ 


-/88/0.98 


-/90/+ 


+/+/+ 



C. schencki EST VS 157 
C. schencki ENG VS213 
C. schencki SWE VS046 
C. schenki ITL VS102 
+/+/+r C- leptomandibularis EST VS032 
Lc. leptomandibularis ITL VS 165 


r* h/qo/jC. /grate EST VS028 
f1/98/-H q jgnitg g WE VS141 

Lc. ignita ITL VS171 
ZJmpressa EST VS030 
S 'impressa SWE VS504 
r C. sp. SWE VS053 
Uc. sp. FIN VS210 
LC. sp. FIN VS 130 
d-i/ m oar C ' terminata LIT VS166 
^ I'/i/TftC. terminata SWE VS503 
±i±L+l Lc. terminata UKR VS026 
C. terminata ENG VS215 
97/99/0.93rC. pseudobrevitarsis LIT VS168 
+/+/+ |~Lc pseudobrevitarsis GER VS127 
+/+/+ Lc. pseudobrevitarsis EST VS037 

9 9/+/+1 -C. pseudobrevitarsis GER ON052 

1 -C. brevitarsis SWE VS140 

, C. angustula EST VS023 
+/+/+| i_c angustula BEL VS057 


-1-10.98 


+ 1 + 1 + 


83/96/+ 


€ 


C. angustula ITL VS022 

-C. corusca EST VS024 

TLiq-C. corusca ENG VS221 
C. corusca GER ON054 


+/+/+ 


r C. longula aeneopaca RUS VS033 
f C. longula ITL VS034 
Lc lonaula GER ON26S 


+/+/+ 


97/98/+ 


90/-/- 

+/+/+r 


C. longula GER ON269 
-C. subcoriacea EST VS039 
■C. subcoriacea SWE VS500 
-C. subcoriacea FRA ON066 

_i-C. ruddii EST VS173 

_ +/+/+ rLc. ruddii SWE VS501 

Lc. ruddii BUL VS038 
C. fulgida EST VS025 
C. fuigida FIN VS226 


;-rO. 

t c 


0.1 


-C. fulgida GER ON055 
+/+/+,— C. /r/s EST VS031 
Lc /'r/s BUL VS 163 
-C. indigotea GER ON050 
-C. graelsii EST VS 162 


FIGURE 3. Phylogeny of Northern European species in the C. ignita group based on 2187 bp: COI (750 bp) and positions of 
the rRNA locus that could be aligned with strong posterior probability (1437 bp). The topology is taken from the Bayesian 
analysis; support values indicate bootstrap values for maximum-parsimony and maximum-likelihood, and posterior 
probabilities for the Bayesian analysis, respectively. ML and Bayesian analyses were both performed using the GTR + I + G 
sequence evolution model. Bootstrap values below 75 and posterior probabilities below 0.90 are indicated with minus (-). 
Bootstrap and posterior probability values indicating 100 percent reliability are indicated with plus (+). 


clades. Moreover, all of these clades were well supported with all three methods. One species, namely C. 
pseudobrevitarsis, appears to be paraphyletic. Three samples of C. pseudobrevitarsis formed a separate well 
supported clade, with genetic divergence within the clade below 0.6%, while one specimen initially identified as C. 
pseudobrevitarsis grouped together with another species, C. brevitarsis. Relationships between species remained 
poorly resolved only in two highly supported clades. One of these clades consisted of C. ignita, C. impressa and C. 
sp.; although these three taxa grouped into separate clades, these were only sufficiently supported by one or two 
methods, but never by all three. The other clade included samples of C. mediata and C. solida, which did not group 
according to their initial identification with any of the methods used. 

A phylogenetic tree based on the full alignment is presented in Figure 4. Despite the risk of obtaining a 
misleading result from the ambiguous alignment, the general topology of this tree was the same as obtained using 
the reduced alignment. Moreover, support values for the major clades were higher using the full alignment. In 
common with the analysis based on only well-aligned positions of rRNA genes, the same ten species formed well 
supported clades and C. pseudobrevitarsis appeared paraphyletic. Including data from ambiguously aligned 
positions also improved support for the clades consisting of C. ignita, C. impressa and C. sp., though resolution 
within the clade consisting of C. mediata and C. solida did not improve considerably. 
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+/+/+ r C. leptomandibularis EST VS032 
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C. sp. SWE VS053 
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Lc. sp. FIN VS130 
aniwn Qor C ' termjnata LIT VS166 
9 T 8 5l/'f rfC- terminata SWE VS503 
LtLtLd Lc. terminata UKR VS026 
Lc. terminata ENG VS215 

95 /-/-rC. pseudobrevitarsis LIT VS168 
+/+/+| ~t C. pseudobrevitarsis GER VS 127 


+/+/+I 


96/-/0.99 


-/+/+ 


+/+/+ 


C. pseudobrevitarsis EST VS037 
C. pseudobrevitarsis GER ON052 
C. brevitarsis SWE VS 140 
j- C. angustula EST VS023 
+/+/+ I1-C angustula BEL VS057 
L C. angustula ITL VS022 
94 / 95 / 3 C. corusca GER ON054 
+/+/+ [LC. corusca ENG VS221 


+/+/■ 


+/+/+ 


C. corusca EST VS024 
,j-C. longula aeneopaca RUS VS033 
4-C. longula ITL VS034 
Lc. longula GER ON269 
rC. subcoriacea EST VS039 
jLc. subcoriacea SWE VS500 
Lc. subcoriacea FRA ONO 66 
1 -C. ruddii EST VS 173 
+/+/+| ~Lc ruddii SWE VS501 


+/+/+ 


+/+/+I 


C. ruddii BUL VS038 
rC, fulgida EST VS025 
G-C. fulgida FINVS226 
1—C. fuloida GER ON05 


-C. fulgida GER ON055 
+/+/+,— C. /r/S EST VS031 
T-C. iris BUL VS163 


0.1 


— C. indigotea GER ON050 
-C. graelsii EST VS 162 


FIGURE 4. Phylogeny of Northern European species in the C. ignita group based on 2899 bp: COI (750 bp) and complete 
alignment of the rRNA locus (2149 bp). The topology is taken from the Bayesian analysis; support values indicate bootstrap 
values for maximum-parsimony and maximum-likelihood, and posterior probabilities for the Bayesian analysis, respectively. 
ML and Bayesian analyses were both performed with the GTR + G sequence evolution model. Bootstrap values below 75 and 
posterior probabilities below 0.90 are indicated with minus (-). Bootstrap and posterior probability values indicating 100 
percent reliability are indicated with plus (+). 


Discussion 

While the species as well as specimen identification in the Chrysis ignita group remains difficult using external 
morphology, most of the species analysed in this study can be reliably identified using the DNA barcoding 
approach due to the sufficient difference in intra- and inter-specific genetic divergence present in the COI gene. 
Some species exhibited very low intraspecific genetic divergence. For example, all available sequences of C. ignita 
belonged to the same haplotype despite relatively wide geographical sampling (Table 1), and all sequences of C. 
impressa belonged to just two haplotypes. While some species (e.g. C. pseudobrevitaris, C. schencki ) had 
relatively high intraspecific divergence they could still be identified using the "Best match” or “Best close match” 
methods for barcode identification (Meier et al. 2006), unless new genetically distant haplotypes are identified. 
However, the low interspecific genetic divergence between C. mediata and C. solida meant that these two species 
could not be reliably identified using standard COI barcoding methods. Moreover, additional mitochondrial 
markers did not enable these species to be separated. 

The deep genetic intraspecific divergence of C. pseudobrevitarsis and C. schencki may indicate hitherto 
unknown cryptic species currently lumped together under a single species name. That is also consistent with C. 
pseudobrevitarsis forming a paraphyletic group with respect to C. brevitarsis and the two distinct clusters of C. 
schencki appearing to be sympatric rather than isolated populations (Fig. 2). Deep intraspecific genetic divergence 
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in C. fulgida may however reflect long-term isolation between different populations of a single species since 
maximal divergence within two of the clusters is higher than the minimal divergence between them. Moreover, 
these two clusters appear to be largely allopatric: one originating from Central Europe (Germany) and the other 
from Northern Europe (Estonia, Finland, Norway), with the clusters coexisting in Lithuania. The reasons for the 
high intraspecific genetic divergence in these three species can hopefully be resolved with additional genetic and 
morphological analysis, and the inclusion of more samples. 


TABLE 3. Maximum intraspecific divergence and minimal interspecific divergence for each species. Kimura-2- 
Parameter (K2P) (Kimura 1980) corrected distances were calculated with TaxonDNA (Meier et al. 2006). The species 
with the minimal interspecific distance is given in the fourth column. 



Max. intrasp. 

distance 

Min. intersp. 

distance 

Species with min. 

intersp. distance 

Chrysis angustula 

1.5 

6.68 

Chrysis longula 

Chrysis brevitarsis 

0.15 

2.24 

Chrysis pseudobrevitarsis 

Chrysis clarinicollis 

0.22 

7.53 

Chrysis subcoriacea 

Chrysis corusca 

0.61 

8.31 

Chrysis vaniithi 

Chrysis fitlgida 

2.01 

8.86 

Chrysis pseudobrevitarsis 

Chrysis ignita 

N/A 

0.61 

Chrysis impressa 

Chrysis impressa 

0.15 

0.45 

Chrysis sp. 

Chrysis iris 

0.97 

9.04 

Chrysis fulgida 

Chrysis leptomandibularis 

0.3 

2.32 

Chrysis sp. 

Chrysis longula 

0.92 

6.68 

Chrysis angustula 

Chrysis mediata 

0.3 

0.15 

Chrysis solida 

Chrysis pseudobrevitarsis 

5.21 

2.24 

Chrysis brevitarsis 

Chrysis rnddii 

1.85 

9.9 

Chrysis subcoriacea 

Chrysis schencki 

2.56 

2.09 

Chrysis sp. 1 

Chrysis solida 

1.07 

0.15 

Chrysis mediata 

Chrysis sp. 

0.92 

0.45 

Chrysis impressa 

Chrysis sp. 1 

1.53 

2.09 

Chrysis schencki 

Chrysis sp. 2 

1.3 

6.05 

Chrysis sp. 

Chrysis subcoriacea 

0.3 

6.34 

Chrysis vaniithi 

Chrysis terminata 

1.53 

1.85 

Chrysis impressa 

Chrysis vaniithi 

0.61 

6.34 

Chrysis subcoriacea 


The previously unidentified specimens grouped into three separate clades (Fig. 2), two of which formed 
distinct clades with sufficiently high interspecific divergence from all other species, while the remaining 
unidentified specimens formed a poorly resolved clade which also included C. ignita and C. impressa. We consider 
that the former two clades represent unrecognised cryptic species and thus refer to them as C. sp. 1 and C. sp 2. It is 
possible that either of these species is already named but that the name is currently synonymised; thus further 
morphological study of these species and of the type materials of known species is required prior to describing 
them as new. 

It is possible that the unidentified specimens placed in the clade of C. ignita and C. impressa also represent 
unrecognized ciyptic species, but the low level of divergence between all species in this clade makes it difficult to 
resolve reliably. Curiously, the divergence between the numerous unidentified samples in this clade exceeds the 
interspecific divergence of the two known species in the clade. Although phylogenetic analysis with additional 
DNA sequences enabled us to resolve this group better than with COI barcode alone, the resulting three clades 
were well supported only by some of the analysis methods. 

The general topologies of phylogenetic trees generated in this study correspond relatively well with those in 
Soon & Saarma (2011), and include the same four major clades. This is unsurprising since the genes and methods 
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used for analysis in both studies are largely identical. However, inclusion of the COI gene fragment in this study 
affected the phylogenetic signal to some extent, resulting in slightly better and somewhat different resolution of the 
relationships between species within the zgzzzYa-clade. Nevertheless, the relationships between these species remain 
poorly resolved. 

Although the study by Soon & Saarma (2011) suggested the existence of some unknown species and a distinct 
status for a few disputable species, their analysis did not allow robust taxonomic conclusions to be drawn since 
only single specimens per species were included. Analysing more samples from different geographic locations now 
enables us to demonstrate the specific status of the included species. On the basis of adequate interspecific genetic 
distances as well as the formation of well supported apical clades consisting of specimens with the same identity, 
we propose C. iris, C. fulgida, C. ruddii, C. subcoriacea, C. longula, C. angustula, C. corusca, C. terminatei, C. 
leptomandibularis, C. ignita, C. schencki , C. vanlithi, C. clarinicollis, C. brevitarsis, C. sp. 1 and C. sp. 2 to be 
considered as well established species. 

The presence of an unresolved clade consisting of C. mediata and C. solida (Figs 2-4) reflects the fact that 
these species exhibit almost identical morphology. Morphological similarities have given rise to confusion about 
the rank of these two species, the latter being treated either as a subspecies (Linsenmaier 1997 (as C. mediata 
fenniensis)) or a synonym (Kunz 1994) of the former, or both treated as separate species (Smissen 2010). Although 
our results favour synonymization of these two names, we suggest that further study should be undertaken before 
doing so. The strongest argument for treating these taxa as separate species is their specialisation on host species. 
C. mediata is known to be a specialised nest parasite of the ground-nesting potter wasps from the genus Odynerus 
Latreille (Linsenmaier 1959a; Smissen 2001; Wickl 2001), while C. solida is known to be a nest parasite of wood¬ 
nesting wasp species Ancistrocerus parietinus (Linnaeus) (Stefan-Dewenter & Leschke 2003), A. gazella (Panzer) 
(Smissen 2010) and Symmorphus bifasciatus (Linnaeus) (Wickl 2001). These two taxa need further study including 
not only additional molecular data, but also detailed study of their biology and morphology. 

Cases where species remained unresolved or did not accord with the existing taxonomy might also be the result 
of incomplete lineage sorting or horizontal gene transfer. These are plausible explanations since such species are 
likely to have split from each other recently. Confirming the identity of the most recently split species with DNA 
sequence analysis requires additional analysis with more characters from both mtDNA and nuclear loci. 

Evidently, analysis based on nuclear markers is needed to gain further insight into the detailed phylogeny of the 
Chrysis ignita species group. Nevertheless, a good overlap between the morphological identification and the 
molecular data analysis based on mitochondrial genes indicates that in most cases nuclear markers may not 
eventually be necessary for delimiting species of this group. 

Our results, derived from analysis of mitochondrial loci, strongly disagree with the conservative approach 
presented by Kimsey & Bohart (1990), Mingo (1994) and Kunz (1994). Rather, our results support the more 
exhaustive treatment of the C. ignita species group as proposed by W. Linsenmaier (1997), O. Niehuis (2001), P. 
Rosa (2006) and J. van der Smissen (2010). Moreover, the existence of new cryptic species is proposed, 
demonstrating the usefulness of mtDNA analysis in studies of this species group as well as the necessity of 
confirming specimen identifications using COI barcodes. 
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